Neurite outgrowth in dorsal root neuronal hybrid clones modulated by ganglioside GM1 and disintegrins.
Subclones of F11 neuronal hybrid cells (neuroblastoma x dorsal root ganglion neurons) have segregated differing and/or overlapping neuritogenic mechanisms on three substrata--plasma fibronectin (pFN) with its multiple receptor activities, cholera toxin B subunit (CTB) for binding to ganglioside GM1, and platelet factor-4 (PF4) for binding to heparan sulfate proteoglycans. In this study, specific cell surface receptor activities for the three substrata were tested for their modulation during neuritogenesis by several experimental paradigms, using F11 subclones representative of three differentiation classes (neuritogenic on pFN only, on CTB only, or on all three substrata). When cycloheximide was included in the medium to inhibit protein synthesis during the active period, neurite formation increased significantly for all subclones on all three substrata, virtually eliminating substratum selectivity for differentiation mediated by cell surface integrin, ganglioside GM1, or heparan sulfate proteoglycans. Therefore, one or more labile proteins (referred to as disintegrins) must modulate functions of matrix receptors (e.g., integrins) mediating neurite formation. To verify whether cycloheximide-induced neuritogenesis was also regulated by integrin interaction with cell surface GM1, two approaches were used. When (Arg-Gly-Asp-Ser)-containing peptide A was added to the medium, it completely inhibited cycloheximide-induced neuritogenesis on all three substrata of all subclones, indicating stringent requirement for cell surface integrin function in these mechanisms. In contrast, when CTB or a monoclonal anti-GM1 antibody was also added to the medium, cycloheximide-induced neuritogenesis was amplified further on pFN and sensitivity to peptide A inhibition was abolished. Therefore, in some contexts ganglioside GM1 must complex with integrin receptors at the cell surface to modulate their function. These results also indicate that (a) cycloheximide treatment leads to loss of substratum selectivity in neuritogenesis, (b) this negative regulation of neurite outgrowth is affected by integrin receptor association with labile regulatory proteins (disintegrins) as well as with GM1, and (c) complexing of GM1 by multivalent GM1-binding proteins shifts neuritogenesis from an RGDS-dependent integrin mechanism to an RGDS-independent receptor mechanism.